The pharmacokinetics of a 2-g bolus of cefepime were measured in critically ill patients with normal renal function. Variable and low trough plasma drug concentrations were found, and 8 of 10 patients had levels below the MIC at which 50% of the isolates are inhibited for Pseudomonas aeruginosa. Computer simulations predicted that continuous infusion and shorter dosing intervals would increase trough levels.
min postdosing and immediately prior to the next dose (T ϭ 720). Blood (10 ml) was drawn into heparinized Vacutainers from an in-situ arterial line and centrifuged at 4°C, and the plasma was frozen at Ϫ20°C until it was stored at Ϫ80°C.
Patient plasma samples were assayed by an in-house modification of existing high-performance liquid chromatography methods (1, 5) . Briefly, sample preparation involved precipitation of proteins with acetonitrile and trichloroacetic acid containing cefadroxil (internal standard), followed by washing with dichloromethane. Separations were performed on a reverse-phase C 18 column with a pH 4.9 acetonitrile:20 mM ammonium acetate mobile phase (ratio, 8:92). The assay was linear from 1 to 200 g/ml. The intraday and interday imprecision values were all under 6%, and the inaccuracy values were under 5% at the test concentrations of 4.18, 16.7 and 83.5 g/ml.
The trough levels C 0 and C 720 were those at 0 and 720 min, respectively. Elimination half-life, area under the curve, total body cefepime clearance, mean residence time, and volume of distribution at steady state were determined by fitting the data for plasma drug concentration over time for profile A to a two-compartment pharmacokinetic model by using WinNonlin (Scientific Consulting, Inc.). Slopes and intercepts of the biexponential declines were estimated with iterative reweighting to the inverse of the square of the predicted concentration (1/y 2 ), and the fit was evaluated from the standard errors of the parametric estimates. The model parameters for each of the 10 evaluable patients were used to stimulate various cefepime dosing regimens.
Thirteen patients (11 males) ranging from 34 to 75 years old (mean, 55 years old) were enrolled. APACHE II scores (11) ranged from 8 to 24 at study entry (Table 1 ). There was an identifiable source of sepsis in 11 patients. In eight patients cefepime produced a clinical cure, and in six there was a bacteriological cure. There was one clinical and bacteriological failure in which Pseudomonas aeruginosa was isolated (MIC of cefepime, 6 g/ml). Clinical and bacteriological assessments were indeterminate (there was no change) in the other patients. Three patients were nonevaluable as they had abnormal creatinine clearances on enrollment, even though their serum creatinine levels were within the normal laboratory range.
The plasma cefepime concentrations of the 10 evaluable patients after the first dose (profile A) are shown in Fig. 1 . There was a large variation in plasma drug concentrations among patients, and a number of patients had very low plasma drug levels (median level, 1.9 g/ml) toward the end of the dosing interval (Table 1) . Trough levels after multiple doses were particularly low (median levels, 1.7 and 1.8 g/ml), with 4 of 10 evaluable patients having levels under 1 g/ml and another 4 having trough levels lower than 2.83 g/ml, the MIC at which 50% of the isolates are inhibited for P. aeruginosa (Table  2 ) (17) . The consequences of these low levels could be important if they involve inadequate bacterial killing or the development of resistance, as has been documented to occur in vitro (6) .
Pharmacokinetic parameters for the first dose are displayed in Table 1 . Generally, cefepime was cleared in the patients than in healthy volunteers, but overall the kinetics are similar to those reported in the published literature (2) . The large scatter in trough levels in our study may be partly accounted for by the variance in kidney function of our patients. The three patients that were nonevaluable due to poor kidney function (creatinine clearances, Ͻ75 ml/min) had high cefepime levels, and after multiple doses the highest trough levels were found in those with creatinine clearances of Ͻ100 ml/min. This is not surprising, as cefepime is largely excreted unchanged by the kidney (2), and there was a strong relationship between creatinine clearance and cefepime clearance revealed by our data (r 2 ϭ 0.74). The compartmental variables determined by the model for the 10 evaluable patients were used to simulate alternative dosing regimens in an attempt to identify regimens that would maintain high trough levels. Dosing regimens were simulated, and their predicted median trough values after 48 h were as follows: for continuous infusions (with a 0.5-g loading dose) of TABLE 2. Trough cefepime levels and creatinine clearance measured after multiple 2-g doses of cefepime over 12 h (profile B), and trough plasma cefepime concentrations at 48 h predicted by simulated dosing regimens c Simulated 3-min infusion of 1 g of cefepime every 4 h. 4 and 6 g/day, 20.8 and 31.1 g/ml, respectively; and for intermittent bolus dosing of 2 g 8 hourly, 5.4 g/ml; 1.5 g 6 hourly, 8.5 g/ml; 1 g 4 hourly, 13.1 g/ml. The 48-h trough values predicted for the 10 evaluable patients for the 1-g, 4 hourly bolus and for the 6-g/day continuous infusion regimens are shown in Table 2 . The lowest 48-h trough obtained with 4 hourly boluses, 7.4 g/ml, is almost three times the MIC at which 50% of the isolates are inhibited for P. aeruginosa for the entire dosing interval, whereas the lowest steady-state concentration obtained with a 6-g/day continuous infusion is 24 g/ml.
Previous modeling studies on ceftazidime given as a continuous infusion to critically ill patients (23) have predicted levels in plasma that were subsequently shown to be achievable clinically (13) . In spite of the interpatient variability, we propose that the regimens of 1-g, 4 hourly bolus dosing and 6-g/day continuous infusions would help eliminate the unpredictably low trough cefepime levels obtained in this study.
Cefepime has a broad spectrum of activity against gramnegative organisms (2, 10, 17) and can be used for both proven and suspected resistant gram-negative bacterial infections (2, 18) , including those with P. aeruginosa. However, the variable and low trough levels reported here in critically ill patients may decrease efficacy in a situation where optimal dosing is essential. Pharmacokinetic modeling suggests that shorter dosing intervals would maintain sustained levels with higher troughs in more patients. Our data suggests that the daily dose of cefepime in critically ill patients with normal renal function should be increased to 6 g/day, given preferably as 1-g, 4 hourly doses or, alternatively, as a continuous infusion.
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